Three feeds were formulated using low cost raw materials with protein contents ranging from 44 % -62 % and prepared in the laboratory and were tested against an imported feed (protein 32 %) on young stages (initial weight, 0.03 -0.71 g.) of four species of ornamental fish namely, Rosy Barb (Barbas conchoniusy, Angel (Pterophyllum scalurey; Gold fish (Carassius auratus auratus) and Goggle -eye iCarassius sp.) over a period of 2 months to assess the feasibility of using locally prepared feeds in rearing of very young stages in ornamental fish culture.
Introduction
During the last four decades there has been a considerable growth and diversification in the international trade of ornamental fish.
The demand for tropical fish arises from the developed countries such as the USA and Japan which are the major importers of marine and freshwater ornamental fish and invertebrates. Sri Lanka's export market of tropical fish to Singapore, as well as to the USA and Japan, is growing at a rapid rate.
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There are 17 live-fish exporters registered in the Association of Live Fish Exporters of Sri Lanka (Anon., 1992) . However there are many other exporters who aroenot registered in this Association. There are also thousands of sm3.11 scale fish breeders catering these dealers. About 30 different varieties are bred for export and local markets (Anon, 1990) . With the present varieties of fish being bred commercially, there is an urgent need for feeds which are economical, safe and nutritious.
Feed of ornamental fish can be categorised into natural (live) and formulated food. The ornamental fish fry/fingerling mainly thrive on live food such as blood worms (Chironomus larvae), Artermia (Artemia salina) and micro worms (Anguilula silusiae) . An undesirable artificial feed may result in stunted growth and high mcrtalities in fish during these very early stages. Therefore, fish breeders are dependent on live food for these early stages. However, it has become increasingly difficult to obtain live food and also the costs have risen very high (eg: a 100 g. of local variety of Artemia is Rs 100/,-while an imported variety costs Rs. 200/--250/-) making the fry/fingerling stage very critical in ornamental fish rearing. In addition, commercial breeders aha import fish feeds for adult fish at very high cost (eg. a 100 g. of fish pellet is rupees 24/-) leading to a poor return of their investment. These two factors emphasise the need of formulating suitable artificial feeds locally, for fry/fingerling and adult stages to substitute the natural live food as well as imported high cost artificial feeds.
Much work remains to be done before the food requirements of ornamental fish could be established. Little has been carried-out in this respect in Sri Lanka (Vijayaraghavan et.al, 1985) . More attention has been paid to feeds suitable for edible species (De Silva and Perera 1985.; Chandrasoma and Siriwardene, 1988) .
Success in popularising local fish feeds depends on low cost, long shelf-life and on the possibility of preparing them domestically with the help of very simple equipment. These aspects have not received due consideration and experimentation in Sri Lanka.
Present study was an attempt to formulate and produce suitable feeds for very young stages of ornamental fish, using low cost raw materials, simple equipment and a simple procedure by which a long shelf-life is ensured and evaluating their suitability for various species of fish.
Materials and methods
Three laboratory feeds (FI, F2 and F3) were prepared in the Department of Zoology, University of Sri Jayewardenepura following three modified formulae used for low cost shrimp feeds (Primavera, 1982; Brchmanonda and Sahavacharin, 1984; De Alwis et. aI., 1988) . These three feeds and an imported feed (F4) (as a control) were tried on four species of popular ornamental fish, namely, Rosy Barb (Barbus conehonius: Family: Cyprinidae), Angel (Pterophyllum seafare: Family: Cichlidae), Gold fish (Carassius auratus auratus: Family: Cyprinidae) and Goggle-eye (Carassius sp.; Family: Cyprinidae), over a period of 2 months to assess the suitability of the formulated feeds FI, F2, F3 as fry/finger-ling feeds in ornamental fish rearing. This experiment was conducted from May to September 1991 at the Department of Zoology, University of Sri Jayewardenepura.
Ingredients used in the three laboratory prepared feeds are given in Table I and the methodology of feed preparation is given in Appendix I.
Thirty samples from each laboratory prepared feeds were stored using two most common domestic methods (eg. refrigeration and at room temperature) of storing as follows to determine the shelf-life; Table II. Clean, all-glass tanks (90x30x30 em) filled with 30 litres of chlorine free, aged water were used in these experiments. The experimental tanks were maintained under laboratory temperatures (24 -29°C) with constant aeration. One third of water in each tank was replaced once in two weeks throughout the experimental pericd. After each water change water quality assessments were made (Table III) . These included parameters such as temperature, hardness, pH and dissolved oxygen concentration. The stocking rates of fish were maintained at 30 fish per tank on the basis of one fish (less than 1") per litre of water. Initial lengths and weights of random samples of 10 fish from each tank were recorded under anaesthesia [by putting the fish in water containing 100 mg. of MS222 (4 Amino-benzoesaure-ethylester-PURAN) per litre of water] before introducing them to tanks. Each feed was tested on the four species of fish in duplicate.
Dried pellets were ground using a mortar and pestle to obtain suitable particle sizes and the fish were fed thrice a day (8.00 am, 1.0Opm and 4.00pm) at the rate of 5% body weight per day (Bardach et. al, 1972) . Total amount of feed given was recorded.
Faecal matter deposited on the bottom within a period of 24 hours was collected by siphoning with a plastic tube before the first meal. The faeces was dried at 75 0 C for 24 hours and weighed.
At the end of 2nd month total number of fish survived was counted and lengths and weights were recorded. They were used in the determination of proximate composition of body muscles.
The crude protein content of feeds and body muscles of fish was determined by the Semi Micro Kjeldhal method and the total lipid was determined by the anhydrous ether method in a Soxlet Apparatus. The ash content was determined by the conventional method by burning in a Muffle furnace at 550 0 C. Crude fibre content offeeds was determined by Acid Detergent Mixture method. Results of proximate composition of feeds and body muscles of fish (protein, lipid and ash only) are given in Tables IV and V Pig. 1. The relationship between growth rates of fish and the protein contents of feeds.
Growth of ornamental fish on local feeds
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Growth rates were compared by one-way analysis of variance (ANOV) (Zar, 1974) . Differences between feeds were analysed for· significance by (P < 0.05) using the Ducans test. (Bailey, 1965) .
Cost of feeds were calculated on per kilo basis taking into consideration the following recurrent expenditure; a) raw material cost b) labour cost c) electricity cost d) transport cost Equipment cost was not considered as it is a capital expenditure. Details of the costs is given in Appendix II and the cost analysis is given in Table VII . .Mineral-Pecutrin-Calcium 10.8%, Phosphorous 10%, Ca:P = 1.68:1 Zn: Mn: Fe: Cu=2:4:1 :1, Magnesium 2%, Salt 6%, Trace elements, Vit E, Vit K 2 %, Vit D3 and Vit B2.
•• Multivitamin-Vit A2000 iu, vit, D2 200 iu, Vit BI 1 mg, Vit B2 1.2 mg, Vit B8 0.08 mg, Dpanthenol 2 mg, Nicinamide 10 mg, Vit C 30 mg, Vit BI2 Img, Vit E 0.2.mg. 
Results and Discussion
High Assimilation Efficiencies (AE) (> 50 %) indicate that the food was in readily assimilable form and little was lost as faeces. Assimilation Efficiencies of fish fed on the three laboratory prepared feeds in the present study were high in the range of 56 % -82 %(Tables VI.I -V1.4) showing that they were in readily assimilable form and well accepted by fish. These Assimilation Efficiencies are also comparable with that of commercial feed tested (72 % -85 %) (Tables VI. 1-VI.4) and also with that of various fish species fed on Artemia (59 % -96 %) (Vijayaraghavan et.al., 1985) .
High Food Conversion values correlate with very low growth rates thereby indicating that the fish have not responded well to the feeds. Food varieties giving food conversion values less than 3 are considered as well accepted and commonly used food in aquaculture (Bardach et.al.,1972) .
It has also been recorded that diets which are poorly digested by the fish or low in protein will produce Food Conversion Ratios of 2 or more (Shepherd and Bromage, 1988) . In the present study fish have generally shown low Food Conversion Ratios (less than 2) for all three laboratory prepared feeds (Tables VI.1-VIA) . This further confirms that the fish have responded well to these feeds.
Growth rates reported for all four species fed on three laboratory prepared feeds were in the range of 0.005-0.02g. day-' (Tables VI.I-VI.4) and these were higher than the growth rates achieved by the same species fed on commercial feed F4 (0.004-0.0Ig.day_l) as well as the same and other species fed on Artemia (0.0007-0.0Ig. day-') (Vijayaragavan et. aI., 1985) . These results and the high survival rates (93 % -100%) (Tables VI.I-VI.4) achieved by the fisb species fed on the feeds also suggest that these low cost feeds can be easily used for fry/fingerling stages of Angels, Rosy barbs, Goggle eyes and Gold fish.
In the present study, there was a significant increase (p<O.05) in growth rates of all other species except Rosy barb with the increase in dietary protein level upto 44-50 % and above that level they either showed a significant decrease of growth rate or did not show any significant difference in the growth rate (Fig. 1) . Similar observations have been made in previous studies where the young of several other warm water fish species such as Tilapia zilli (Muzid et. aI., 1979) Nile tilapia iOreochromis nilotica) (Santiago et. aI., 1982) , and gray mullet (Mugil cephalusy (Papoutsoglou and Alexis, 1986 ) have manifested growth depressions in response to excessive level of dietary protein content when approximately isocaloric diets were tested. Results of the present study and previous studies therefore suggest that there is an optimal level of dietary protein requirement and according to the present study it is in the range of 44-50% for all species but Rosy barbs tested. However, the dietary protein requirement of some of the edible forms have been lower than this range. For instance, the optimal level of common carp (Cyprinus carpio) fry is 35 % (Sen et. aI., 1978) and 38 % for fingerlings (Ogino and Saito, 1970) and 35 % for Rabbit fish, Siganus guttatus (parazo, 1990) .
Growth rates of Rosy barbs with different protein levels cannot be compared because the Rosy barbs used to test feed F2 were bigger in size.
When protein content of feeds increased more than 50%, muscle protein level decreased for all fish species but Rosy barbs (Table IV and V) . This further confirms that a very high protein content in feed is not necessary for the optimal growth and there is an optimal requirement of protein for optimal growth offish and this has been revealed earlier in other studies (Vijayaraghavan et. ai, 1985) . Here again comparison of muscle protein level of Rosy barbs is impossible due to size difference of fish used in testing feed F2 with that of other feeds.
Cost of feeds is an important aspect for all aqua-culturists. In the present experiment, cost for all three experimental feeds were lower than the commercial feed (fable VII). Main factor attributed for low cost of feeds in the present study was the use of low cost protein sources (eg: shrimp heads, fish/meat offals, plant matter such as carrot leaves and Ipil ipil, rice bran, soya flour). Soya flour utilization in fish diets as a source of protein has increased recently due to its nutritional quality and low cost (Akiyama, 1988) .
Results obtained in the present study also show that the fish fed on diet F3 with high protein (62 %) and low carbohydrates (8 %) showed low retention of protein in their body muscles while fish fed on moderate protein and high carbohydrates (eg: Feed F, with 44% protein and 11% carbohydrate, F2 with 50 % protein-14 % carbohydrate) (Table IV, V) had retained more proteins in their body muscles than the above. Similar observation has been made on eels (Degani and Viola, 1987) . This shows that the use of more carbohydrates and less protein in diets helps in retaining more protein in body muscles while it is also useful in reducing the feed cost.
Regular monitoring of temperature, pH, total hardness and dissolved oxygen showed satisfactory water quality in the experimental tanks (Table III) . This shows that the feeds tested do not affect the quality of water which again is an important quality of an artificial feed.
Experimental feeds also had long shelf-life (over 6 months) in sealed packets and air-tight containers under refrigeration and room temperature (fable II). They could even be kept unspoilt in open containers in room temperature and under refrigeration for 7-18 days and 28-60 days respectively (Table II) . This also fulfils another quality expected of artificial feed; to be able to be kept unspoilt for long periods.
The procedure used to make the feeds included steaming them for five minutes and drying them well (Appendix I). These may have helped to avoid any fungal attacks or formation of any other organisms responsible for spoilage of food ensuring a long shelf life.
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